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ture and functionality taught herein are extensible to an Circuit 200 illustrated in FIG. 2 illustrates one embodi- 

unlimited number of computer and communications ment for providing multiple clock signals on a chip using a 

systems, devices and embodiments in keeping with the second phase-locked loop (PLL) library circuit connected to 

scope and spirit of the invention. Embodiments described a buffered reference clock output of a first PLL library 

herein include various elements and limitations, with no one 5 circuit. In at least one application, circuit 200 provides the 

element or limitation contemplated as being a critical ele- capability to maintain tight timing, without sacrificing input 

ment or limitation. Each of the claims individually recite an pins, or excessively loading the PC board's clock driver, 

aspect of the invention in its entirety. Moreover, some Circuit 200 may implemented as an ASIC or using any chip 

embodiments described may include, but are not limited to, implementation technology or combinations of 

inter alia, systems, integrated circuit chips, embedded 10 technologies, including but not limited to VLSI design and 

processors, ASICs, and methods. The embodiments discrete components. 

described hereinafter embody various aspects and configu- As shown in FIG. 2, circuit 200 includes a pad 208 which 

rations within the scope and spirit of the invention. receives the off-chip reference clock signal 207, which is 

Methods and apparatus are disclosed for providing mul- electrically coupled to REFCLK input 109 of library circuit 

tiple clock signals on a chip using a second phase-locked 15 or macro 100. First PLL circuit 100 provides a first set of one 

loop library circuit connected to a buffered reference clock or more phase-locked loop clock outputs 101-103 and a 

output of a first PLL library circuit which may be used, inter buffered reference clock output 105. BUFREFCLK output 

alia, in a computer or communications system, such as a 1<* 5 is electrically coupled via link 210 to REFCLK input 

computer or communications device, packet switching U 9 of library circuit or macro 110, which in turn provides 

system, router, other device, or component thereof. Known ^ a second set of one or more phase-locked loop clock outputs 

prior circuits would typically use multiple off-chip reference X | | | — | J ^ 

clock signals for those applications that require multiple In the past, typically multiple off-chip reference clock 

reference clocks. Certain embodiments may be particularly signals would have been used to in those applications that 

useful for possibly providing a lower-cost solution when, for require multiple reference clocks. However, the embodiment 

example, such a circuit provides the capability to maintain 25 illustrated by circuit 200 may be particularly useful for 

tight timing, without sacrificing input pins, or excessively possibly providing a lower-cost solution when one PLL 

loading the PC board's clock driver. Various embodiments requires tight timing with the reference clock to produce one 

of such circuits include an ASIC or those using any chip or more clock signals 201-203, while the other PLL simply 

implementation technology or combinations of needs a clock to reference a frequency to produce one or 

technologies, including but not limited to VLSI design and 30 more clock signals 211-213. Moreover, embodiments are 

discrete components. not limited to any particular library circuits or macros. 

As used herein, the term "system" is used generically Rather, the invention is extensible to an unlimited number of 

herein to describe any number of components, elements, circuits, including, but not limited to the library circuits and 

sub-systems, devices, packet switch elements, packet macros disclosed herein. 

switches, networks, computer and/or communication 35 FIG. 3A illustrates one embodiment of a process for 
devices or mechanisms, or combinations of components designing a circuit for generating a first and a second clock 
thereof. The term "computer" is used generically herein to - reference signals. Processing begins at process block 300, 
describe any number of computers, including, but not lim- and proceeds to process block 302 wherein a first phase- 
ited to personal computers, embedded processors, ASICs, locked loop macro including an off-chip reference clock 
chips, workstations, mainframes, etc. The term "device" is 40 input, a first set of one or more phase-locked loop clock 
used generically herein to describe any type of mechanism, outputs, and a buffered reference clock output is selected, 
including a computer or system or component thereof. The Next, in process block 304, a second phase-locked loop 
terms "task" and "process" are used generically herein to macro including an on-chip reference clock input and a 
describe any type of running program, including, but not second set of one or more phase locked loop clock outputs 
limited to a computer process, task, thread, executing 45 is selected. Next, in process block 306, the buffered refer- 
application, operating system, user process, device driver, ence clock output of the first phase -locked loop macro is 
native code, machine or other language, etc., and can be connected to the on-chip reference clock input of the second 
interactive and/or non-interactive, executing locally and/or phase-locked loop macro. In one embodiment, the circuit is 
remotely, executing in foreground and/or background, included in an application-specific integrated circuit (ASIC), 
executing in the user and/or operating address spaces, a 50 In one embodiment, the first phase-locked loop macro 
routine of a library and/or standalone application, and is not includes a buffer connected between the off-chip reference 
limited to any particular memory partitioning technique. The clock input and the buffered reference clock output. In one 
terms "network" and "communications mechanism" are embodiment, the buffer is a non-inverting buffer, while in 
used generically herein to describe one or more networks, one embodiment the buffer is an inverting buffer, 
communications mediums or communications systems, 55 FIG. 3B illustrates one embodiment of a process for 
including, but not limited to the Internet, private or public generating a first and a second internal clock reference 
telephone, cellular, wireless, satellite, cable, local area, signals on a chip. Processing begins at process block 320, 
metropolitan area and/or wide area networks, a cable, elec- and proceeds to process block 322, wherein a first phase- 
trical connection, bus, etc., and internal communications locked loop circuit receives an off-chip clock signal. In 
mechanisms such as message passing, interprocess 60 process block 324, the first phase-locked loop circuit gen- 
communications, shared memory, etc. The terms "first, erates a buffered reference clock signal and the first set of 
""second," etc. are typically used herein to denote different internal clock reference signals. In process block 326, a 
units (e.g., a first element, a second element). The use of second phase-locked loop circuit receives the buffered ref- 
these terms herein does not necessarily connote an ordering erence clock signal. In process block 328, the second 
such as one unit or event occurring or coming before the 65 phase-locked loop circuit generates the second set of internal 
another, but rather provides a mechanism to distinguish clock reference signals. In one embodiment, the chip 
between particular units. includes an application-specific integrated circuit (ASIC). In 
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one embodiment, the buffered reference clock signal input is 
a non-inverted representation of the received off-chip clock 
signal, while in one embodiment, the buffered reference 
clock signal input is an inverted representation of the 
received off-chip clock signal. 

In view of the many possible embodiments to which the 
principles of our invention may be applied, it will be 
appreciated that the embodiments and aspects thereof 
described herein with respect to the drawings/figures are 
only illustrative and should not be taken as limiting the 
scope of the invention. For example and as would be 
apparent to one skilled in the art, many of the process block 
operations can be re-ordered to be performed before, after, 
or substantially concurrent with other operations. Also, 
many different forms of data structures could be used in 
various embodiments. The invention as described herein 
contemplates all such embodiments as may come within the 
scope of the following claims and equivalents thereof. 

What is claimed is: 

1. An application-specific integrated circuit (ASIC) com- 
prising: 

Y)C\ lH/Ll WA** a ^ rst P nase ^ oc ^ e ^ 1°°P circuit (including;) an off-chip 
\ * reference clock input, a first set ot one or more phase- 
locked loop clock outputs, a buffered reference clock 
output, and a buffer electrically connected to the off- 
chip reference clock input and the buffered reference 
clock output, and wherein the first phase-locked loop 
circuit is defined in one or more predefined libraries of 
circuits; and 

a second phase-locked loop circuit including: an on-chip 
reference clock input and a second set of one or more 
phase-locked loop clock outputs, wherein the second 
phase-locked loop circuit is defined in said one or more 
predefined libraries of circuits and is specified to be 
connected to an output of a receiver on the ASIC; 

wherein the buffered reference clock output of the first 
phase-locked loop circuit is electrically coupled to the 
on-chip reference clock input of the second phase- 
locked loop circuit. 



10 



15 



20 



25 



30 



2. The ASIC of claim 1, wherein the first set of one or 
more phase-locked loop clock outputs of the first phase- 
locked loop circuit includes at least two phase-locked loop 
clock outputs. 

3. The ASIC of claim 1, wherein the off-chip reference 
clock input of the first phase-locked loop circuit is directly 
electrically coupled to a pad of a chip. 

4. An application-specific integrated circuit (ASIC) for 
receiving an external clock input to generate a first internal 
clock signal and a second internal clock signal, the ASIC 
comprising: 

a first phase-locked loop circuit means including an 
off<;hip reference clock input, a first set of one or more 
phase-locked loop clock outputs, a buffered reference 
clock output, and means for buffering a received off- 
chip reference clock signal electrically coupled to the 
off-chip refejgnce clock input and the buffered refer- 
ence clocl foutput^ herein the first phase-locked loop 
circuit me ans is de fined in one or more predefined 
libraries of/cir cuits?} and 

a second phase^Iocked loop circuit means including an 
on-chip reference clock input and a second set of one 
or more phase locked loop clock outputs, wherein the 
second phase-locked loop circuit means is defined in 
said one or more predefined libraries of circuits and is 
specified to be connected to an output of a receiver on 
the ASIC; 

wherein the buffered reference clock output of the first 
phase-locked loop circuit means is electrically coupled 
to the on-chip reference clock input of the second 
phase-locked loop circuit means. 

5. The ASIC of claim 4, wherein the first set of one or 
more phase-locked loop clock outputs of the first phase- 
locked loop circuit means includes at least two phase-locked 
loop clock outputs. 

6. The ASIC of claim 4, wherein the off-chip reference 
clock input of the first phase-locked loop circuit means is 
directly electrically coupled to a pad of a chip. 
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library circuit or macro 1 10, which in turn provides a second set of one or more 
phase-locked loop clock output/l 1 1-1 13. 

In the past, typically multiple off-chip reference clock signals would have been 
used to in those applications that require multiple reference clocks. However, the 
5 embodiment illustrated by circuit 200 may be particularly useful for possibly providing a 
lower-cost solution when one PLL requires tight timing with the reference clock to 
produce one or more clock signals 201-203, while the other PLL simply needs a clock to 
reference a frequency to produce one or more clock signals 21 1-213. Moreover, 
embodiments are not limited to any particular library circuits or macros. Rather, the 

1 0 invention is extensible to an unlimited number of circuits, including, but not limited to 
the library circuits and macros disclosed herein. 

FIG. 3 A illustrates one embodiment of a process for designing a circuit for 
generating a first and a second clock reference signals. Processing begins at process 
block 300, and proceeds to process block 302 wherein a first phase-locked loop macro 

1 5 including an off-chip reference clock input, a first set of one or more phase-locked loop 
clock outputs, and a buffered reference clock output is selected. Next, in process block 
304, a second phase-locked loop macro including an on-chip reference clock input and a 
second set of one or more phase locked loop clock outputs is selected. Next, in process 
block 306, the buffered reference clock output of the first phase-locked loop macro is 

20 connected to the on-chip reference clock input of the second phase-locked loop macro. 
In one embodiment, the circuit is included in an application-specific integrated circuit 
(ASIC). In one embodiment, the first phase-locked loop macro includes a buffer 
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remarks. Reconsideration and/or further prosecution of the application is respectfully requested. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 
of this paper. 

Remarks begin on page 5 of this paper. 
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In re DAVID GLEN ROE, Application No. 09/814,244 
Amendment D 

Amendment to the Claims: 

The listing of clams will replace all prior versions, and listings, of claims in the 
application. 

Listing of Claims: 

1 (currently amended): A- circuit An application-specific integrated circuit (ASIC) 
comprising: 

a first phase-locked loop circuit^ cluding j)an off-chip reference clock input, a first set l^c/uc/j 
of one or more phase-locked loop clock outputs, and a buffered reference clock output , and a 
buffer electrically conn ected to the off-chip reference clock input and the buffered reference 
clock output, and whe rein the first phase-locked loop circuit is defined in one or more 
predefined libraries of circuits : and 

a second phase-locked loop circuit including: an on-chip reference clock input and a 
second set of one or more phase-locked loop clock outputs , wherein the second phase-locked 
loop circuit is defined in said one or more predefined libraries of circuits and is specified to be 
connected to an output of a receiver on the ASIC : 

wherein the buffered reference clock output of the first phase-locked loop circuit is 
electrically coupled to the on-chip reference clock input of the second phase-locked loop 
circuit. 

2 (currently amended): The eirettk ASIC of claim 1, wherein the first set of one or 
more phase-locked loop clock outputs of the first phase-locked loop circuit includes at least 
two phase-locked loop clock outputs. 

3-7 (canceled) 



2 



In re DAVID GLEN ROE, Application No. 09/814,244 
Amendment D 



8 (currently amended): The eifetHt ASIC of claim 1, wherein the off-chip reference 
clock input of the first phase-locked loop circuit is directly electrically coupled to a pad of a 
chip. 

9 (currently amended): A circuit An application-specific integrated circuit (ASIC) for 
receiving an external clock input to generate a first internal clock signal and a second internal 
clock signal, the circuit ASIC comprising: 

a first phase-locked loop circuit means including an off-chip reference clock input, a 
first set of one or more phase-locked loop clock outputs, a buffered reference clock output, 
and means for buffering a received off-chip reference clock signal electrically coupled 
between to the off-chip reference clock input and the buffered reference cloc[cgu W>ivherein 
the first phase-locked l oop circuit means is defined in one or more predefined libraries of 
circuitsl ^ind 

a second phase-locked loop circuit means including an on-chip reference clock input 
and a second set of one or more phase locked loop clock outputs , wherein the second 
phase-locked loop circu it means is defined in said one or more predefined libraries of circuits 
and is specified to be co nnected to an output of a receiver on the ASIC : 

wherein the buffered reference clock output of the first phase-locked loop circuit 
means is electrically coupled to the on-chip reference clock input of the second phase-locked 
loop circuit means. 

10 (currently amended): The eifeait ASIC of claim 9, wherein the first set of one or 
more phase-locked loop clock outputs of the first phase-locked loop circuit means includes at 
least two phase-locked loop clock outputs. 

11-13 (canceled) 
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